Abstract-Solar energy has come into prominence due to its sustainability, emission-free and ease of use considering the harmful nature of fossil resources in recent years. Accurate information on global radiation is essential to achieve the goal of planning and projection of a solar power system. Global solar radiation measurements provided by meteorology lack of reliability and some of the data are missing. At this point, global solar radiation estimation has an important role in designing energy systems that are based on solar energy. In this study, six different global radiation models are considered to estimate the monthly average hourly global radiation from the daily value in Çanakkale, which is located in the northwest of Turkey. The models are validated with hourly global radiation measurements provided by the Turkish State Meteorological Service. Based on the analysis of mean absolute bias error (MABE), root mean square error (RMSE), mean bias error (MBE) and t-statistical test, accuracy of the existing models is obtained. The results indicate that the Collares -Pereira and Rabl model modified by Gueymard (CPRG) is the most accurate one, and this model is proposed to obtain the hourly global radiation averaged over the months in elsewhere that has the similar climate with the northwest of Turkey.
I. INTRODUCTION
The electrical energy demand is increasing with industrial and technological developments all over the world, and meeting this increasing energy demand has a significant importance. Most of the world's energy demands are provided by fossil sources. However, fossil sources being run out and their harmful impact on environment such as environmental pollution and global warming cause renewable energy resources to gather wide interest [1] . Among renewable energy resources, solar energy is mostly preferred due to being safe, clean, free, limitless and non-polluting.
Global solar radiation data in a particular region are essential for solar energy applications because electricity generation from photovoltaic panel is directly affected by solar radiation [2] . The data must be available, reliable and accurate for planning, projection and continuity of the system [3] . However, due to the maintenance and calibration requirements and the cost of the equipment used for measurements, solar radiation estimation techniques are considered as an important issue [4] . In literature, there are Manuscript received September 14, 2016 ; revised December 16, 2016 . This work was supported by Anadolu University Scientific Research Projects (1505F512/1604F170).
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lots of models performed for estimation of hourly global radiation by using daily radiation values. The existing daily global solar radiation decomposition models are mainly categorized in three groups. The first kind of models considers the effect of time [5] - [11] . In these models, only the time of day is included, which means that varying tendency in weather conditions is not considered. The second kind of models assumes that there is a random variation in weather conditions and axial symmetric distribution between hourly global radiation of morning and afternoon times which results in a normal distribution [12] - [15] . The third kind of models completely considers neither the variability of hourly solar radiation, nor the randomness of weather conditions [16] , [17] .
In this study, six different models categorized in the first group, Whillier model, Liu and Jordan model, CollaresPereira and Rabl (CPR) model, CPRG model, Garg and Garg model, Gueymard model, are studied to obtain hourly global radiation values averaged over the months by using measured daily values for Çanakkale, Turkey. Measured monthly average hourly global radiation data are obtained by calculating the arithmetic mean of individual hourly global solar radiation values for each month of the year of 2005. The estimated values of hourly global solar radiation averaged over the months are obtained by performing six different models included in the first group models and the results of these models are compared with the measured hourly global solar radiation data. Thus, with the validation of the considered models, the most accurate one is determined for estimation of the monthly average hourly global radiation from daily values for the northwest coast of Turkey.
II. MATHEMATICAL MODELS

A. Whillier Model
In this model, there is an assumption that proposes constant weather conditions as if there were no atmosphere [5] . 
where   284 n 23.45sin 360 365
  (6) where a and b are linear functions defined as [18] :
  s b 0.6609 0.4767 sin W 60 .
D. CPRG Model CPRG model provides a modification to CPR model, which results in the following relation for global solar radiation on a horizontal surface as [8] ;
where 
F. Gueymard Model Gueymard proposed his own model on the basis of CPR model. In the model, it is observed that asymmetries of morning and afternoon could affect the performance of the model result [10] . The model is described as;
where
q cos cos Çanakkale is located in the northwest coast of Turkey. The city is located under 25° 40'-27° 30' east longitude and 39° 27' -40° 45' north latitude and has an area of 9.887 km². Most of the city is included in Marmara Region and a small part of the city is under the boundaries of Aegean Region. The city that has a transition climate between the Mediterranean Climate and the Black Sea Climate is mostly under the effect of Mediterranean Climate. The annual average rainfall of the region is between 600 -700 mm. The temperature varies from -10°C to 38 °C, which results in an annual average temperature value of almost 15 °C [19] .
In this study, measured hourly and daily global radiation data of the considered region are obtained from
IV. APPLICATIONS AND RESULTS
The considered models that estimate hourly global solar radiation averaged over the months are validated and analyzed depending on the measured global radiation data of the city, and the results are shown in Table I . To compare the accuracy of the considered models, different statistical analysis methods as RMSE, MBE, MABE and t-statistical analysis are used, which are defined by the equations:
where c i is the i th calculated global radiation data, m i is the i th measured global radiation data and n is the number of data. In these statistical test methods, the results should be closer to zero for better performance of the considered models used for global solar radiation estimation [20] . Table I indicates that the CPRG model is more accurate than the other considered global solar radiation estimation models. The CPRG model has minimum MBE, MABE, RMSE and t-statistical values in July, and in other months, the model has minimum statistical parameters or smaller relatively. RMSE values of the CPRG model differ from almost 6 to 12. The model has the maximum RMSE values in August and September as 16.0854 and 15.0176 respectively and gives the minimum RMSE value in December as 3.8436. The Whillier model has the maximum RMSE generally, followed by Garg and Garg model. Comparison between the recorded and estimated hourly global solar radiation values from six different models of July and December are shown in Fig. 1 (a) and (b) Finally, t-statistical analysis is carried out to evaluate statistical importance of the results of the considered models. As in other statistical analysis methods, the CPRG model has minimum values generally. In addition, Table I indicates that the t-statistical analysis values of the CPR model are maximum mostly.
As a result of the statistical comparison methods, the CPRG model has the best accuracy among the considered models. Therefore, the CPRG model is strongly proposed to perform for the monthly average hourly global solar radiation estimation. 
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